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Liposones containing neutral glycolipids with a terminal giticose or galactose, 
when injected intravenously, prevented the appearance of erythrocytic forms 
of nalaria (Plasmodiun berghei) in nice previoualy injected with sporozoites. 
Inhibitory glycolipids included glucosyl, galactesyl, or lactosyl ceramide. 
Inhibition was not observed with Liposones containing ceranide, phosphocholine 
ceranide, sulfogalactosyl ceranide (sulfatide), or ganglioside G,;, Liposoned 
containing glycolipids did not inhibit infection transnitted by injecting blood. 
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Sporozoite-Induced Malaria: Therapeutic Effects of 


Glycolipids in Liposomes 


Abstract. Lipenomes containing neutral glycolipids with a terminal glavose af ga 
lactase, when injected intravenously, peevented the appedtance of erythrarytic 
forms of malaria (Plasmodium berghei) ia mire previeusly injected with sporogaiizs. 
fahubtory glycolipids included glucosyl, palactoryl, ar lactassl ccrambie [nkibition 
was nal vbsyeved with lipasumes containing ceramide phasphachaline ceramide, 
sulfegalactasyl ceramide (sulfatide), of ganglasade Gy, Liposomes containing gh 
colipéds did ait inhibit wfection transmilted by injecting blood containing ervihira 
oytie stages of malaria, These results may have therapestic inplicaiuens in the ircat: 
meat of malana. Analysis of the mechanisn of interference with the life owle af 
malar by lipatemnal glycolipids may vield inforesatian about the intetactions af 


parasites auth cclluter membranes 


Liposomes conmast af clicd con- 
centiw apheres of phospholipal mem: 
branc Upon miravenous injection, Iipo- 
uunes accustulate preferentinily in the 
liver, mainly is Kupfer cella, and the 
aptecn [sce (F)) We and otben demon: 
strafed in podents that myectaen of drug: 
Laxfen bposomes coukl be uscd for the 
treatment of capcnimental LeuAmania 
dosnanr infectons of Kupficr cells Q) 
In the present atudy we used liposomes 
{0 teal experimental spororodicunduced 
Plasmodium betghe: infections of he- 
palocytes in me 

When malaria parautes (sporaroites} 
are nyected into mammals by the bite of 
an anopheline mosquite., the parasiics 
travel to the liver of the haat The spot. 
Her temain nude hepatocytes for a 
reread of days (ctocrythtocyts age) 
before emerging as cuscrythrecytk 
schiznats capable of invading erythro. 
cytes Animals that have erpthrocy tx 
forms are taki to have “patent” infec- 
tions, and the preceding micrval. which 
follows ingection of sporozoites hy mats 
quitacs. ut called the propatent pond 
43) Antimalarial drugs arc uwally clas. 
fied according lo their effects on a partic. 
ular stage of the plasmoadsal fife cycic. for 
exzamplc, primaquine and related drugs 
act Ptimanly againal parasites in the 
liver, whereas chloroquine affects para- 
ates in the erythrocytes 4) In the cx- 
periments desetibed herein we deman. 
ttrate that liposomes containing certain 
membrane glycolipids, without addition. 
al dregs. interfere with the malarial lfc 
cycle during the prepatent period and 
prevent the appearance of erythrocytic 
forms of the parasite. 

Plaimudium berghe: (cithet ANKA ot 
NKGS strain) was cycled through Anuph- 
eles stepheasi: mosquitoes and golden 
Syrian hamsters. Salivary glands were 
isalaicd from the most heavily infected 
tasquilocs 8 to 25 days after they had 
taken a blood meal. according to the 
method of Bosworth cr ai. i). The 
glands were iriturated m a glass syringe 


and the sporvedite: were counted in a 
hemacytamcic: The spwayoites were 
suspended in Medium 199 (i ta 2» 10 
per milliliter}, aed O11 to 0.2 mi of sus- 
Penon was injesiod mlravenoualy into 
cach mause (ICR. Walter Reed atraini 
In some canerments, 0 | md of rafected 
bload was uacd ta franamt the infection 
The infected blood was drawn from 2 
mouse with 4 patent infecben | week af 
ter it had been anyected with 1s 10" 
sporavaiicsa. the blood contained 0 19 
flarasiic per 10 erythrocytes 

The hpids and thes saurves were as 
{allows dunytistoyl phosphatidylchaline 
and miucd beef brain ceramnxdc (Sigma. 
cholesterol (Caltsachem), diceiy] phoe- 
phate (K and K Laboratonecs), galacto- 
spl. glucosyl. and lactosyd ccramidcs 
(Mics Laboraiones). sulfaide (Applied 
Sesences Laborstones), ahd ganghoskdc 
Gy, Supeico? 

Lipasomes, awallen ig O1S4f NaCl. 
‘acre prepared by prevanialy dcactibed 
Mandand procedures 16) The liposomes 
vomatod oof dimyrutoy! phosphati: 
dytcholine. cholevicrol, and dicciy] phos- 
phate in molar ratios of 1-0.78:0 11, 
respectively, plus 100 pg of ceramide Hip- 
Wd (except in the case of sphingomyelin) 
pet micramnale of phosphatidyichalinc. 
When photphochaline ceramide daphin- 
gomyclin} was used. it replsced an 
equivaicnt molar amount of phosphate 
dytcholine. ao that phosphathyicho- 
kine. tphingomy clia. cholesterol, and di- 
<etyl phoiphate were mn molar ratios of 
0.8:0.2:6.75:0. 1}. respectively The phos- 
phatidylcholine. of phosphatidyicholine 
plus tphingomyclin. was 10 mif with re- 
spect ta the O.1S4f NaCl used for swel- 
ling. Gn the basis of Coulter counter 
analysis of similar preparations, the lipo- 
somes had a broad hyperbolic size distri- 
bution (7). Although most of the lipe- 
somes were small (1.5 um or less}, most 
of the surface afca and volume were dec 
ia large (> 1.5 pm) liposomes (7). The 
Kpesomes were diluted approximately 
sevenfold with 0.184 NaCl and centr- 
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tee stor syst ef wernt 
gt Leto of prytbeyta paranee af- 
tev ehastase of bywwoters cusiatang glyco: 
ah The aneesh were ingxiod mursemcaels 
wuA Syimoert } day aller ipetorats exc- 
tem Each poet tepeseceds the res of 1 ox 
Tl asenuh 


fuged at 2°00: a: Xt for 10 cunutes 
The supernatant (coatamung small lpo- 
wees with about Mi fc.ent of the ors 
tal phospioli~ed) ear dacanied The 
pee? ea. sutperaied im a solu af 
O Ih87 NaCl amounimg to one-fourth of 
the afigmal sacibng wihume Mac acts 
mopoted otraveteands ath 0 14 to 0.2 ml 
of the Baal hpwome sopeniam ether | 
day aftce eppatein of sporusmics of | 
clay after mpextoon wf infected Mod 
Figure | sbyraa that between days ¢ 
aml 3. ahen the average city thts yin 
Putawic wun! m unireaied ammuh «ar 
fing rapadly. crythnayta patanutes 
were barely detectable m anenals treated 
eih ipsames . ontammg cahet palate 
syf or ghaaty) wctramkke Al carly stages 
of mites the number of parasics ma; 
be tee fers to quatiftatc acaraicd . bat 
m thee caperuments the mfatwon was 
somtaiered patcat ceca d unly une para- 
sme was detected per 10 crpthnayics 
Paterny def mot our before day 4, and 
+ day 3 angnals with nonpaten{ mfex- 
taxi dai mx develop patent mfextions 
Treatment «ith lppowurnes Wontarning gs 
factesy;! ccramnke mariodh dimianhed 
the member of animal that developed 
patent infectwone As shown im Table 1. 
79 pervent of untreaied animal de. 
veloped patent infections. «hercas on- 
ty 7 fa £8 percent of animals treated with 
lipotemes cottammeg galactmyl. giuco- 
syl. ce kectoty! coramede developed such 
infetteeas. The carbohydrate group was 
necessary for inhibition of patency. te- 
cause both photphocholin ceramic 
and ceramade abore were meffective. 
Sulaikk U-solfogalactosy! teramkk) 
acd ganglaside Ge, [galactate-V-acetyl- 
galactosamine - galactaset' - acctyincur- 
amin achd} giucose<cramalc] also were 
meflective. Each of the fast two com. 
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pousds has a strong negative charge 
eather altsched to, ur in the vicinity of, 
the terminal galactose, and this may 
have reduced the effectiveness of the 
molules agunal spurtsnites. 

The activity of the bposomes contain: 
ing galaciaay!] cctamide was nat duc 1 
an effect against blood forms of the ma- 
sana paraiite thal emenged fram the 
heer Figure 2 shows that eatment with 
galactosyl ceramide posoenes did not 
inhibit parastigmis io animals in which 
the parasite was lragnmitted by injecting 
boad containing erythmeytic forms of 
& berghei from animals with patent in- 
foctpans 

Hepath celle from several aprons 
have a lectin that recognizes exposed ga- 


beedgsee ginenm of Apesnditad aise SDs. 


feans 48} The prerent study was baked en 
the fabonalc that hposemcs containing 
membrane glycalipals might become as- 
sauatcd with the lectin on the plas 
membranm af hepatocytes We had 
hoped to uve kin mediated recognition 
of bposemes as a meth af targeting 
Gtupheded hpasomes to hepatocytes 
during the ciocothaxvin stage uf 
spetursic oshacd omalana omfecten 
The exponents deunbed herein dem 
easttate that the lposames themachves 
antesfered aath the malanal hfe ust 
duro the prepatent pend Thos oF 
sabun provides induct cvaictic th, 
mitacHula: bepatn levun that rey 
tires galaturc of pheose might play a 
tule in hepata infection anh /oberghes 
Thr lectin thal aun on the surface of 
mammahan hepahxytes aluo aur on 
fractueumes. Gol: apparatus. and bso 
emece c¥. Liposomes contami, ghio 
bpeds ought bhsd the paraute by inter 
atom aith the intracltalar intn A 
feclanmaty cipenment ania + -d Uhat 
lipwnomal gh .ohpids dal nut hase a pro 
pasiata antmalanal cffat /0.. and 
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Fig 2. Abseoce of Hposomajunhitelion af 
erythrocytic parautes in animals injected with 
infeed binod, Lipovames containing galacia- 
a3] ceramide wore admisnicred to 14 mice } 
ay aller injection of infected bioad The con 
trol gfuup cunnied of 12 mice that received 
saline imatvad of iiparomes Each paint repre: 
sesta the mean 7 vandard deviation. 


seems unlikely, therefore. that the gly- 
sebhpads Competed with sporozoites for 
the Intin present of the plasma mem 
brane 

Data frum other studies suggest thal 

sviomes containing palactosyi lipids 

a3 be recognized by. and miemalized 
, mammalan cells. Uptake of lipo. 
somes by tat liver in ssvo was enhanced 
by ganghoside Gy, of asialogangliosde 
Ge. and the enhanced uptake was 
bhaked by aualofetum [whih ts recog. 
nized bi rat hepatocyte lectin U1}. 
Lyon myection inte mice, kposomes with 
EDTA in the aqueous phase were acc 
mulaicd to a greater catent by the fives 
when the hposomes contained galactosy] 
atramude compared with those that con 
tained ganghowides iincluding gangho- 


Tale 1 Infiucere of Ga hank monrtrs an mbibstory effects of corasnde Lipade in Liposomes. 
The hpotasnes vantitted of demytivier]? plasphatadyichohne. choleversl, and dicety? phot 
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Number of animal* 
< : : * ee Pateaty prepaient 
ee coe Injected mm) period 
infections ; {days}? 
Comerat fro liggromes) 49 62 ris $421 
Glusol ceramic: = 2 74 5a 
Gilatoayl ceramide & a is Wis 16 
Lactotyl ceramic H ? a 6.0 
Ceramade & i 7 B 63+ 08 
Photphoc hotline ceramide bs 7 7 62204 
iephingomyciial 
Setfogalactoryl ceramic 2 ? 71 3.8205 
feulfathie} 
Ganghietite Ga 3 7 7i 64269 
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tide Gu.) U2) That been demonstrated 
also that liposomes that become aisocs- 
ated with cells via gly colipid-lectin inter- 
acuons may be taken up by fusion with 
the cells. Fuusen of liposomes with Hela 
cells in tissue culture was markedly en- 
hanced by galactosy! or lactosy! ceramt 
ide in the Hiposames (/2). 

From a therarcutic standpeint, under 
the conditions we used, succesaful treat- 
ment of sporuzvite-induce: malaria with 
liposomal glycolipids was an all-or-none 
phenomenon. OF 74 animals that da pot 
develop patent infections at 10 days, all 
temauned alive and apparently free of 
“chucal’ malaria after 40 to 46 days 
These data suggesied that the liposome- 
injected anumals had been cured (14) 

in the few animals (7 to 15 percent) 
that did develop patent! infections despite 
treatment with hposomes containing ap- 
propriate giscolipids, the average pre- 
patent penod was noi significantly dif 
ferent {rom that of untreated animals, of 
that of animals that were treated with 
hpasomes containing ineffective glyco- 
lipads (Table {1} The reason for the appar- 
ent compicte fack of effxacy of lipo- 
somal glycolipeds against the infection tn 
7 te 1S percent of the animals is not 
tleas 

Trealment with hporamines containing 
glycolipids ty particularly oncresting be- 
cause extremely high dilutions of hipo- 
somea were therapeutically effective, 
and there was an apparent lack of acute 
toxicty (that is. icthality) of undiluted 
lpasomes (15). 

'a chemotherapy of lershmanusis. the 
liposomal phospholipid and surface 
charges bad vreng influences on cfficacy 
of treaimest @). Further capenments 
tay reveal the influence, if any. of lipo 
ScHne «compositfon on suppression of 
sporazotte-induced malana. 
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